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Dear Sir,
The paradigm shift that has occurred in the last decade

attributing most, if not all, cervical cancers to infection with
human papillomavirus (HPV) has renewed efforts to control
cervical cancer, especially in developing countries where it
remains the leading cause of cancer deaths among women.
Primary and secondary prevention efforts have begun to focus
on detection and control of the virus, specifically HPV DNA
testing for screening!-” and HPV vaccine development for
prevention.® Critical to the success of HPV-based prevention
efforts is a comprehensive spectrum of targeted genotypes,
given that at least 10 different HPV types have been classified
as group 1 human carcinogens.® The International Biological
Study of Invasive Cervical Cancer (IBSCC) demonstrated that
certain HPV genotypes, namely, HPV-16, -18, -31 and -45,
accounted for 80% of the sampled invasive cancers from 21
countries.'%!! Based on these results, vaccine efforts are tar-
geted first to HPV-16, with the hope of reducing the cervical
cancer burden by up to 50%, presumably with vaccines target-
ing HPV-18, -31 and -45 to follow. However, a study in
Mozambique found that HPV-35 was the most prevalent ge-
notype, both in all HPV-positive women (16.7 %) and among
women with cervical neoplasia (18.4%).'2 It is important to
determine if this is a geographically isolated finding or if the
relative prevalence of HPV types attributable to cervical cancer
development differs in sub-Saharan Africa, where primary
prevention offers the greatest promise of control. We report the
genotype distribution of HPV from a nested case-control study
of women originally enrolled in a visual inspection with acetic
acid (VIA) screening study in Harare, Zimbabwe.!'3

Study participants were drawn from subjects enrolled in
phase II VIA screening study conducted jointly by the Univer-
sity of Zimbabwe in Harare and the JHPIEGO Corporation, a
Johns Hopkins University affiliate based in Baltimore, MD,
USA. Details of subject recruitment have been described else-
where.!? Briefly, subjects enrolled in phase II of the VIA
screening study were recruited from October 1996 through
August 1997 among women aged 25-55 years attending 15
primary-care clinics in Chitungwiza and the greater Harare area
of Zimbabwe. All enrolled women provided verbal informed
consent, and the institutional review boards of both participat-
ing institutions approved study protocols. Participants were
interviewed using a standardized questionnaire to assess demo-
graphics. Following the interview, each participant consented
to a pelvic exam with collection of cells for Pap smear and

HPV DNA testing. VIA screening was performed last. All
participants were offered a colposcopic examination of the
cervix, and biopsies were collected if indicated, usually on the
same day. At the colposcopy visit, consenting women (23%)
provided an oral mucosal specimen (OraSure; Epitope, Bea-
verton, OR) for HIV antibody testing (duplicate testing via
commercially available ELISA; Organon Teknica, Durham,
NC). Women consenting to an HIV test were slightly older,
less likely to be married and likely to have more lifetime sexual
partners than nonconsenting women.°

Colposcopic/histologic diagnosis was used for case identifi-
cation as previously described.>¢ A total of 215 cases with a
final diagnosis of high-grade squamous intraepithelial lesion
(HSIL) were identified. An equal number of potential controls
of similar age were selected randomly from the pool of colpo-
scopically normal participants; from these, 213 cervical swabs
were available for HPV analysis. This resulted in a total sample
size of 215 HSIL cases and 213 colposcopically normal con-
trols.

All women participating in phase II with cells collected for
HPV testing were screened for the presence of 13 cancer-
associated HPV types (HPV-16, -18, -31, -33, -35, -39, -45,
-51,-52, -56, -58, -59, -68) using the HC2 (Digene Diagnostics,
Gaithersburg, MD) microtiter plate test (probe B only).> A
positive result was defined as any specimen whose relative
light unit (RLU) was = the 1.0 pg/ml reference RLU. Increas-
ing specimen and reference RLU values were interpreted as a
semiquantitative increase in viral burden.

Of the 600 w1 sample collected for HPV DNA testing, 50 pl
were removed for PCR analysis prior to HC2 testing. Each
sample was denatured with a sodium hydroxide-based dena-
turing solution (Digene, Silver Springs, MD) equilibrated to

Grant sponsor: JHPIEGO Corporation.

*Correspondence to: Division of Cancer Epidemiology and Genetics,
NCI, Executive Plaza South, Room 7059, 6120 Executive Blvd., Rockville,
MD 20852, USA. Fax: +301-402-0916. E-mail: gravittp@mail.nih.gov

Received 22 February 2002; Revised 29 April 2002; Accepted 30 April
2002

DOI 10.1002/ijc.10538



730

one-half sample volume and mixed by vortex. Samples were
then incubated in a dry heat block at 65°C for 45 min.

Following digestion, samples were centrifuged at 13,000
rpm for 15 min and the supernatant was precipitated overnight
at —20°C using 100 pg glycogen, one-tenth volume of 5.0 M
ammonium acetate and 2 volumes of 100% ethanol. The pre-
cipitation solution was centrifuged for 30 min at 13,000 rpm,
the supernatant was removed and the pellet was washed with
70% ethanol and dried at room temperature for 1 hr. The dried
DNA pellet was resuspended in 100 pl TE (pH 8.0) and stored
at —80°C.

Sample DNA was amplified using the MY09/11/HMBO1 L1
consensus primer system with coamplification of 3-globin to
assess specimen adequacy, as previously described.'* The con-
sensus PCR amplification targets a broad range of anogenital
genotypes, which were subsequently discriminated using a
reverse line blot hybridization method!s targeting HPV types
16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 58, 56, 58, 59, 68, 73 82,
83, 6, 11, 40, 42, 53, 54, 57, 66 and 84.

Pearson’s x~ test was used to assess case—control differences
in distribution of binary exposures. For split-sample compari-
sons of PCR and HC2 HPV data, k statistics were calculated to
measure the percent agreement beyond that expected by
chance, and McNemar’s x* statistic tested for unequal distri-
bution among the discordant results. Student’s 7-test was used
to test for differences in mean number of viral types among
HPV-positive women and differences in mean viral load by
HCII. All statistical analyses were performed using Stata (Col-
lege Station, TX) Version 7.0.

The 215 case and 213 control samples were tested for PCR
adequacy using the 3-globin control primers. Five case sam-
ples were excluded from the final analysis because they failed
to produce a positive 3-globin result. The final analytic sample,
therefore, included 210 cases and 213 controls. Mean ages of
the case and control groups were 31.8 and 31.9 years, respec-
tively, indicating that control selection successfully represented
the age distribution of the case group.

The overall HPV prevalence by L1 consensus PCR was
higher in cases (77.1%) than controls (31.0%, p < 0.001), as
expected (Table I). The high-risk (HR)-HPV prevalence by
HC2 was 81.0% in cases and 32.9% in controls (p < 0.001),
which was slightly higher in both groups relative to PCR. The
absolute agreement between HCII and PCR was higher among
the case group (91.4% agreement, k = 0.74) than the control
group (86.4% agreement, k = 0.69). As evidenced by the
higher prevalence by HC2 in both groups, there were signifi-
cantly more HC2*/PCR™ samples among the discrepant results
(McNemar’s x> = 4.8, p = 0.03). The HPV prevalence by PCR
decreased further to 73.3% among cases and 23.9% among
controls when the PCR™ results were restricted to samples
positive for 1 or more of the 13 HR genotypes included in the
HC2 probe pool. The agreement between PCR and HC2 should
improve when restricting the comparison to include agreement
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to genotypes detectable by both methods. However, the agree-
ment between HC2 and the restricted PCR results decreased to
89.5% among cases (k = 0.71) and 85.9% among controls
(k = 0.66).

The genotype results for the case and control groups are
shown in Table II. Of the 64 HPV™ control women, a total of
124 infections were identified, representing 30 women with
single infections and 34 women with multiple infections. HPVs
52,51, 16 and 18 were the most commonly detected genotypes
among the controls, representing 11.3%, 8.9%, 8.1% and 8.1%
of the total infections, respectively. Of the 162 HPV " cases, a
total of 523 infections were identified, with fewer women
having single infections (52/162, 32.1%) than multiple infec-
tions (110/162, 67.9%). HPVs 16, 58, 18 and 52 were the most
commonly detected genotypes among the cases, representing
12.2%, 8.8%, 8.2% and 7.6% of the total infections, respec-
tively. In addition to having a higher prevalence of multiple
infections relative to the control women, cases had a higher
mean number of types per multiple infection (3.2 vs. 1.9 per
sample, respectively; p = 0.0001).

A total of 99 of the 428 women selected for this study
consented to HIV testing, representing 57 cases (27.0%) and 42
controls (19.7%). Results from 3 cases and 1 control were
inconclusive for HIV status. Among the remaining 95 women
with valid test results, HIV prevalence was 56.1% among
controls and 77.8% among cases (p = 0.02). The HPV prev-
alence differed by HIV status, with 40.0% of HIV™ women
having a positive HPV result compared to 78.5% of HIV™
women (p < 0.001). HIV" women also had a higher proportion
of multiple infections (74.5 vs. 41.7%, p = 0.03) and more
types present per infection relative to HIV™ women (median 3
vs. 1 type, p = 0.2).

Most of the 27 genital HPV genotypes examined were de-
tected at least once in this sample of women with HSIL and
colposcopically normal women of similar age from Harare,
Zimbabwe (HPV-42 excepted). Most remarkable in this anal-
ysis was the high proportion of multiple infections, especially
among cases. While HPV-16 was the most frequently detected
genotype among women with HSIL, it was part of a coinfection
in 75% of cases. With such a high rate of multiple infections,
it is difficult to estimate the attributable fraction of neoplasia
for each genotype from such a population. However, given that
each high-risk genotype is thought to have the potential to
cause neoplasia, it must be assumed that all of the HR-HPV™
lesions present in a multiple infection carry the potential for
malignant progression. Certain genotypes, most notably HPVs
16, 18 and 52, predominated in both cases and controls. In a
study from Costa Rica, no particular HPV genotype was found
to predominate among cytologically normal women.'®

Another study examining the prevalence of HPV genotypes
in neighboring Mozambique found a predominance of HPV-35
among both cytologically normal women and women with
neoplasia.'> While we found an increase in HPV-35 prevalence

TABLE I-HPV DETECTION BY LINE BLOT PCR AND HYBRID CAPTURE 2

PCR/HC2 result

Agreement among

Number

i+ -/- —/+ +- positives
Controls 213 55 132 15 11 67.9% 0.69
HSIL 210 157 35 13 5 89.7% 0.74
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TABLE II - GENOTYPE DISTRIBUTION AMONG WOMEN WITH HSIL VS. NORMAL COLPOSCOPY

HPV genotype Controls (n = 213)

Cases (n = 210)

Number % total infection Number % total infections
HR-HPV
16 10 8.1 64 12.2
18 10 8.1 43 8.2
31 1 0.8 27 5.2
33 7 5.6 31 5.9
35 1 0.8 21 4.0
39 4 3.2 11 2.1
45 3 2.4 12 2.3
51 11 8.9 24 4.6
52 14 11.3 40 7.6
56 7 5.6 18 34
58 8 6.5 46 8.8
59 0 0 11 2.1
68 4 3.2 14 2.7
Other HPV
0 0 3 0.6
55 3 2.4 1 0.2
73 3 24 8 1.5
82 2 1.6 21 4.0
83 5 4.0 22 4.2
LR-HPV
6 5 4.0 13 2.5
11 2 1.6 6 1.1
40 0 0 1 0.2
42 0 0 0 0
53 9 7.3 34 6.5
54 5 4.0 17 3.3
57 1 0.8 0 0
66 6 4.8 14 2.7
84 3 24 21 4.0
Total infections 124 100% 523 100%
Single infections 30/64 46.9% 52/162 32.1%
Multiple infections 34/64 53.1% 110/162 67.9%
2 types per sample 19/64 (29.7%) 29/162 (17.9%)
9/64 (14.1%) 20/162 (12.3%)
4 2/64 (3.1%) 20/162 (12.3%)
5 3/64 (4.7%) 13/162 (8.0%)
6 1/64 (1.6%) 13/162 (8.0%)
7 0 6/162 (3.7%)
8 0 4/162 (2.5%)
10 0 3/162 (1.9%)
11 0 1/162 (0.6%)
15 0 1/162 (0.6%)

among cases relative to the African prevalence in the IBSCC
study of invasive cancers (4.0% vs. 2.2%),'° we did not see a
predominance of HPV-35 relative to other genotypes. How-
ever, as Castellsague et al.'? pointed out, the unexpected pro-
portion of HPV-35 seen in Mozambique may have been attrib-
utable to utilization of a PCR test that has a higher sensitivity
for certain types, including HPV-35, relative to the MY09/11
primer pair used in the present study. Indeed, the Mozambique
study observed a higher agreement between HPV detection by
HC2 and consensus PCR using PGMY/line blot (95.0%, k =
0.89), with PCR having a somewhat greater sensitivity overall,
in contrast to the results presented here, which show HC2
having a higher overall analytic sensitivity. The genotype-specific
lack of sensitivity shown to be true of MY09/11'7 may explain
much of the HC2/PCR discrepancy seen in the present study,
particularly since we see more similar agreement to the Mozam-
bique study when restricting the comparison to the case group,
which had a significantly higher average viral load,> and the high
prevalence of HPV genotypes known to be amplified with poor
efficiency using MY09/11 (e.g., HPVs 35, 39 and 45).7

It is possible, therefore, that genotype-specific HPV preva-
lence may be underestimated depending on the assay used. Due

to the high prevalence of multiple infections in this population,
this type of misclassification is unlikely to significantly miss
true HPV-infected individuals (since they are likely to have at
least 1 HPV-type infection that is picked up by MY09/11 PCR)
but may significantly underestimate the true genotype-specific
prevalence in this population. This may be very important
when planning for intervention strategies, such as vaccination,
in such populations, as pointed out by Castellsague et al.'?

HIV infection appears to be significantly associated with an
increased prevalence of HPV infection in the study population,
as well as the prevalence of multiple simultaneous infections.
Because few women consented to HIV testing, however, we
cannot exclude volunteer bias as a possible explanation for
these differences. As noted in our full report of HPV screening
in the context of an HIV-endemic population,® the women
consenting to HIV testing in this study were at a generally
higher risk for sexually transmitted infections relative to non-
consenters. This coupled with the periurban clinic recruitment
strategy makes these results difficult to generalize to the entire
population of Zimbabwe. However, our data appear to be
consistent with many other populations of HIV-infected
women and men, where a significant increase in anogenital
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HPV prevalence and multiple infections has been reported.'s
The fact that genotypes other than HPV-16 are seen at rela-
tively high frequency in this population may also be due to
HIV, as others have reported that these HPV types, but not
HPV-16, are more likely to increase in prevalence following
HIV seroconversion (R. Burk, personal communication).

Together, these data are important to the design of rational
vaccine strategies in the sub-Saharan African nations. Cancer-
associated HPV genotypes not currently considered in type-
specific vaccine formulations are highly prevalent in these
countries. The actual prevalence of some types may be even
greater, given that these types, which are more rare in the
developed countries, have not been adequately detected by the
commonly used DNA detection methods. Identification of
HPV genotypes in lesion tissue by in situ hybridization may be
useful to determine which of the multiple types isolated from a
specimen was responsible for the lesion. Furthermore, the
effect of HIV-induced immunosuppression on cervical cancer
incidence in this population is unknown. It is clear that HIV-
induced immunosuppression leads to inadequate clearance of
HPV infections.! It is therefore of great concern that untreated
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HIV infection may compromise the efficacy of preventive
vaccination in this and other HIV-endemic regions. To this end,
it is important to begin planning HPV trials that will include
HIV* women.

Yours sincerely,

Patti E. GRAvITT, Anant M. KAMATH, Lynne GAFFIKIN,
Z. Michael CHIRENIE, Sharita WoMAcCK and Keerti V. SHAH

ACKNOWLEDGEMENTS

We are grateful to Mr. R. Daniel for technical advice on PCR
analyses, Mr. J. McGrath for assistance with data sampling and
Dr. M. Schiffman and Dr. L. Brinton of the National Cancer
Institute for critical review of the manuscript. PCR reagents
were kindly provided by Roche (Nutley, NJ). Technical assis-
tance and financial support for data and samples collected came
from the JHPIEGO Corporation, an affiliate of Johns Hopkins
University through funding from the U.S. Agency for Interna-
tional Development, Office of Population, Health and Nutri-
tion, Global Bureau, under the terms of Cooperative Agree-
ment Number CCP-3069-A-00=3020-00.

REFERENCES

1.  Cox JT, Lorincz AT, Schiffman MH, Sherman ME, Cullen A, Kur-
man RJ. Human papillomavirus testing by hybrid capture appears to
be useful in triaging women with a cytologic diagnosis of atypical
squamous cells of undetermined significance. Am J Obstet Gynecol
1995;172:946-54.

2. Cuzick J, Beverley E, Ho L, Terry G, Sapper H, Mielzynska I, Lorincz
A, Chan WK, Krausz T, Soutter P. HPV testing in primary screening
of older women. Br J Cancer 1999;81:554-8.

3. Hillemanns P, Kimmig R, Huttemann U, Dannecker C, Thaler CJ.
Screening for cervical neoplasia by self-assessment for human papil-
lomavirus DNA. Lancet 1999;354:1970.

4. Oh YL, Shin KJ, Han J, Kim DS. Significance of high-risk human
papillomavirus detection by polymerase chain reaction in primary
cervical cancer screening. Cytopathology 2001;12:75-83.

5. Womack SD, Chirenje ZM, Blumenthal PD, Gaffikin L, Mcgrath JA,
Chipato T, Ngwalle E, Shah KV. Evaluation of a human papilloma-
virus assay in cervical screening in Zimbabwe. BJOG 2000;107:33-8.

6.  Womack SD, Chirenje ZM, Gaffikin L, Blumenthal PD, Mcgrath JA,
Chipato T, Ngwalle S, Munjoma M, Shah KV. HPV-based cervical
cancer screening in a population at high risk for HIV infection. Int J
Cancer 2000;85:206-10.

7. Wright TC Jr, Denny L, Kuhn L, Pollack A, Lorincz A. HPV DNA
testing of self-collected vaginal samples compared with cytologic
screening to detect cervical cancer. JAMA 2000;283:81-6.

8. Schiller JT, Lowy DR. Papillomavirus-like particle based vaccines:
cervical cancer and beyond. Expert Opin Biol Ther 2001;1:571-81.

9.  Munoz N. Human papillomavirus and cancer: the epidemiological
evidence. J Clin Virol 2000;19:1-5.

10. Bosch FX, Manos MM, Munoz N, Sherman M, Jansen AM, Peto J,
Schiffman MH, Moreno V, Kurman R, Shah KV. Prevalence of
human papillomavirus in cervical cancer: a worldwide perspective.
International Biological Study on Cervical Cancer (IBSCC) study
group. J Natl Cancer Inst 1995;87:796—802.

11. Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA,
Shah KV, Snijders PJ, Peto J, Meijer CJ, Munoz N. Human papillo-

mavirus is a necessary cause of invasive cervical cancer worldwide.
J Pathol 1999;189:12-9.

12. Castellsague X, Menendez C, Loscertales MP, Kornegay JR, Dos SF,
Gomez-Olive FX, Lloveras B, Abarca N, Vaz N, Barreto A, Bosch
FX, Alonso P. Human papillomavirus genotypes in rural Mozam-
bique. Lancet 2001;358:1429-30.

13. University of Zimbabwe/JHPIEGO Cervical Cancer Project. Visual
inspection with acetic acid for cervical-cancer screening: test qualities
in a primary-care setting. Lancet 1999;353:869-73.

14. Hildesheim A, Schiffman MH, Gravitt PE, Glass AG, Greer CE,
Zhang T, Scott DR, Rush BB, Lawler P, Sherman ME. Persistence of
type-specific human papillomavirus infection among cytologically
normal women. J Infect Dis 1994;169:235-40.

15. Gravitt PE, Peyton CL, Apple RJ, Wheeler CM. Genotyping of 27
human papillomavirus types by using L1 consensus PCR products by
a single-hybridization, reverse line blot detection method. J Clin
Microbiol 1998;36:3020-7.

16. Herrero R, Hildesheim A, Bratti C, Sherman ME, Hutchinson M,
Morales J, Balmaceda I, Greenberg MD, Alfaro M, Burk RD,
Wacholder S, Plummer M, Schiffman M. Population-based study of
human papillomavirus infection and cervical neoplasia in rural Costa
Rica. J Natl Cancer Inst 2000;92:464-74.

17. Gravitt PE, Peyton CL, Alessi TQ, Wheeler CM, Coutlee F,
Hildesheim A, Schiffman MH, Scott DR, Apple RJ. Improved am-
plification of genital human papillomaviruses. J Clin Microbiol 2000;
38:357-61.

18. Palefsky JM, Holly EA, Ralston ML, Da Costa M, Greenblatt RM.
Prevalence and risk factors for anal human papillomavirus infection in
human immunodeficiency virus (HIV)-positive and high-risk HIV-
negative women. J Infect Dis 2001;183:383-91.

19. Massad LS, Ahdieh L, Benning L, Minkoff H, Greenblatt RM, Watts
H, Miotti P, Anastos K, Moxley M, Muderspach LI, Melnick S.
Evolution of cervical abnormalities among women with HIV-1: evi-
dence from surveillance cytology in the women’s interagency HIV
study. J Acquir Immune Defic Syndr 2001;27:432—-42.



